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AN INVESTIGATION AT MACH NUMBERS FROM 1.47 TO 2.87 OF
STATIC STABILITY CHARACTERISTICS OF NINE NOSE CONES
DESIGNED FOR SUPERSONIC IMPACT VELOCITIES™

By Donald T. Gregory and Ausley B. Carraway
SUMMARY

An investigation of nine nose cones designed for supersonic impact
velocities has been conducted in the Langley Unitary Plan wind tunnel to
determine the axial force and static longitudinal stability characteris-
tics. These configurations are suitable for use as nose cones for either
intermediate-range or intercontinental ballistic missiles. The model
dimensional parameters that varied were nose shape and body flare length.
One body incorporated flared fins.

Tests were performed at Mach numbers of 1.k7, 1.97, 2.36, and 2.87
and at Reynolds numbers per foot from 0.7 X 106 to 8.6 x 106.

INTRODUCTION

Nose cones for intermediate-range and intercontinental ballistic
missiles up to this time have been designed for subsonic impact veloc-
ities, primarily because of the high heat rates encountered by the cones
during atmospheric reentry. An increase in the impact velocities of
such configurations is desirable, since this will minimize the problems
of dispersion and perhaps interception. Improvements in materials for
nose-cone heat shields and accurate determination of heat-transfer coef-
ficlents have provided impetus for the design of supersonic impact war-
heads. Knowledge of the stability and drag characteristics of such
configurations is, obviously, necessary in order that they may be fired
at a target with a high degree of accuracy.
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The Langley Research Center of NASA has accordingly initiated a
research program to determine static and dynamic stability characteris-
tics of several basic configurations sultable for supersonic impact
velocities. This program provides for tests of these configurations in -
several Langley facilities in the supersonic and hypersonic speed regime,
and through a large Reynolds number range.

The present paper contains the results of tests in the Langley
Unitary Plan wind tunnel to determine the axial force and the static
longitudinal stability characteristics of nine configurations at Mach
numbers of 1.47, 1.97, 2.36, and 2.87 and at Reynolds numbers per foot

from 0.7 X 106 to 8.6 x 106. Angle of attack was varied from approxi-
mately -1° to 290. ‘The results are presented without analysis.

SYMBOLS

The aerodynamic force and moment data are referred to the body axes
(fig. 1) with the origin at the center of gravity (fig. 2). Symbols
used are defined as follows:

Aj cross-sectional area at Juncture of nose and body (based on
Y-in. diameter), sq ft

Ca axial-force coefficient, Axial force
Cp o chamber axial-force coefficient, ChAmDET 2Kial force
’ J
Cn pitching-moment coefficient, Pitching moment
QAjdb
C slope of pitching-moment curve near o = 0°, ——
o .
Cyy normal-force coefficient, Normal force

ahj

dp base diameter, 6.072 in.

NN
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[ length of nose, in.

le length of flare, in.

M free-stream Mach number

q free-stream dynamic pressure, lb/sq ft

R Reynolds number per foot

a angle of attack of model center line, deg

APPARATUS AND TESTS

Tunnel

Tests were conducted in the low Mach number test section of the
Langley Unitary Plan wind tunnel, which is a variable-pressure,
continuous-flow tunnel. The test section is 4 feet square and 7 feet
long. The nozzle leading to the test section is of the asymmetric,
sliding-block type, which permits a continuous variation in test sec-
tion Mach number from about 1.47 to 2.87.

Models

Profile and rear-view drawings of the models tested are shown in
figure 2. The models are identified as models 1 to 9 and, as may be
noted from figure 2, have been divided into three families dependent on
nose shape. The first family (models 1 to 4) had flat-face noses of
circular cross section tapering from a diameter of 1.752 inches at the
front to a diameter of L4.000 inches at a distance 3.084 inches from the

front. The second family (models 5 to 7) had rounded noses of 1.372-inch

nose radius, which faired into the body cross sec¢tion (of 4.000-inch
diameter) at a distance 2.492 inches from the front. The third family
{(models 8 and 9) also had flat-face noses tapering in diameter from
1.204 inches at the front to 4.000 inches at a distance 3.836 inches
from the front. In each family, the body flare length varied from
about 6 inches to 15 inches; in addition, one family included a model
with a fimned flare (model 4). 1In order to clarify further the dimen-

sional characteristics of the models, the nose lengths 1, and flare

lengths 1p are given as ratios with respect to the base diameter dy,
(6.072 in.) as follows:




Nose-length Flare-length

Model ratio, ratio,
In/dp le/dy

1 0.51 2.52
2 51 1.82
3 51 97
4 51 2.52
5 41 2.52
6 RISE 1.82
T b1 .97
8 .63 2.52
9 .63 97

Test Conditions and Procedure

The tests were conducted at Mach numbers of 1.47, 1.97, 2.36, and
2.87 and at stagnation pressures that were varied in order to provide

g constant test Reynolds number per foot of 3.5 x 106. In addition, at
a Mach number of 1.97 the Reynolds number per foot was varied from

0.7 X 106 to 8.6 x 106. The dewpoint at stagnation pressure was main-
tained below -30° F in order to assure negligible condensation effects.
Stagnation temperatures for the test were 125° F for Mach numbers 1.47
and 1.97 and 150° F for Mach numbers 2.36 and 2.87. The angle of attack
was varied from approximately -1° to 290, and sideslip angle was main-
tained near 0°.

All models incorporated a fixed ftransition strip 1 inch behind the
forward end of the nose. This strip was composed of a band of 0.012 car-
borundum grain 1/32 inch wide.

Measurements
Aerodynamic forces and moments were determined by means of an inter-
nal six-component strain-gage balance housed within the model. The bal-

ance was rigidly fastened to the sting support system.

Balance chamber pressure was measured with a single static orifice
located in the vicinity of the strain-gage balance.

Schlieren photographs of each of the models were taken at all test
Mach numbers and at various model attitudes and test conditions.

[ )NG/AN i
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Corrections

Calibration of the tunnel test section has indicated that model
buoyancy effects are negligible. Corrections to the model angle of
attack have been made for both tunnel airflow misalinement and deflec-
tion of model and sting support due to aerodynamic load.

The axial-force data presented herein have been adjusted to cor-
respond to zero balance-chamber axial force. A listing of the chamber
axial-force coefficients for the various models, Mach numbers, and
Reynolds numbers 1s presented in table I.

Accuracy
Based upon balance calibration and repeatability of data, it is

estimated that the various measured quantities are accurate within the
following limits:

Quantity R=0.7x10°{R=35x100]|R=8.6x10°
Cp v v v e e +0.050 +0.010 +0.005
Caye n v v e +0.01k +0.002 +0.001
Cyp v o v e e e e +0.028 +0.00k4 +0.002
O « o o o e e e £0.150 +0.030 +0.015
a, deg . . . . . . 0.1 0.1 0.1

The maximum deviation of the local Mach number from the free-stream
value given is +0.015.

PRESENTATION OF RESULTS

Schlieren Photographs

Typical schlieren photographs for the various models are presented
in figure 3 for a Mach number of 2.87 at o =~ 0°. Schlieren photographs
of model 7 with Mach number, Reynolds number, and angle of attack varied
are shown in figures 4, 5, and 6, respectively.




Aerodynamic Characteristics

The aerodynamic characteristics for all models are presented in
figures 7 to 15, where the coefficients of normal force Cy, axial force

Cp, and pitching moment C, are plotted against angle of attack. Mach

number is used as a variable in the (a) parts of figures 7 to 15 and
Reynolds number as a variable in the (v) parts of these figures. Fig-

ure 16 is a summary plot showing the pitching-moment slopes CmOL and

the drag levels ((QA)Q=OO) for the different models as functions of Mach

number .

o\J W

The following table is lncluded for convenience in locating the
figures containing the aerodynamic data for the various models:

Figure

Aerodynamic characteristics of model 1 in piteh . . . . . . . . T
Aerodynamic characteristics of model 2 in piteh . . . . . . . . 8
Aerodynamic characteristics of model 3 in piteh . . . . . . . . 9
Aerodynamic characteristics of model 4 in pitech . . . . . . . . 10
Aerodynamic characteristics of model 5 in pitch . . . . . . . . 11
Aerodynamic characteristics of model 6 in pitch . . . . . . . . 12
Aerodynamic characteristics of model 7 in pitch . . . . . . . . 13
Aerodynamic characteristics of model 8 in pitch . . . . . . . . 14
Aerodynamic characteristics of model 9 in piteh . . . . . . . . 15
Summary plot of Cp ~and ((CA)Q:QO) against

Mach numbers for models tested (R = 3.5 X 106) . e e e ... 16

In order to expedite publication of these data, no analysis is attempted.
CONCLUDING REMARKS

Aerodynamic data have been presented for nine nose-cone configura-
tions designed for supersonic impact velocities. The model dimensional
parameters were nose shape and body flare length. One body incorporated
flared fins. The results presented herein include axial-force and longi-
tudinal stability characteristics, and schlieren photographs at Mach
numbers of 1.47, 1.97, 2.36, and 2.87 and at Reynolds numbers per foot

from about 0.7 X 100 to 8.6 x 106.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Field, Va., June 4k, 1959.
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(b) Reynolds number effect. M
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(a) Mach number effect. R = 3.5 X 106.

Figure 8.- Aerodynamic characteristics of model 2 in pitch.
ln/db = 0.51; Zf/d‘b = 1.82.
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(a) Mach number effect. R = 3.5 X 106.

Figure 9.- Aerodynamic characteristics of model 3 in pitch.
In/dp = 0.51; 1gf[dy = 0.97.
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(8) Mach number effect. R = 3.5 x 10°.

Infdp = 0.51; 1gfdp = 2.52.

Aerodynamic characteristics of model 4 in pitch.
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(b) Reynolds number effect. M = 1.97.

Figure 10.- Concluded.
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(a) Mach number effect. R = 3.5 x 109.

Figure 11.- Aerodynamic characteristics of model 5 in pitch.
Round nose; 1lp[dy = 0.41; 1p|dy = 2.52.
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(b) Reynolds number effect. M = 1.97.

Figure 11.- Concluded.
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Figure 12.- Aerodynamic characteristics of model 6 in pitch. Round

nose; R = 3.5 x 1085 1, /dy = 0.41; 1g/dy = 1.82.
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(a) Mach number effect. R = 3.5 X 106.

Figure 13.- Aerodynamic characteristics of model 7 in pitch.
Round nose; Ipfdp = 0.41; 1gfdy = 0.97.
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Figure 13.- Concluded.
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Figure 14.- Aerodynamic characteristics of model 8 in pitch.
ln[dy = 0.63; 1gldy = 2.52.
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(a) Mach number effect. R = 3.5 X 109,

Figure 15.- Aerodynamic characteristics of model 9 in pitch.

ln[ép = 0.65; 1g[dy, = 0.97.
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(b) Reynolds number effect. M = 1.97.

Figure 15.- Concluded.
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Figure 16.- Summary of longitudinal stability characteristics of models
tested. R = 3.5 x 10P.
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